BACKGROUND: Antidepressant monotherapy is effective in achieving treatment remission in only approximately one third of patients with depression, and even switching to a second antidepressant brings the cumulative remission rate to only 50%-55%. This has led to an interest in augmentation therapy for the management of treatment-resistant depression.
ment. 2 As even sequential monotherapy with antidepressants fails to produce an adequate response to treatment for a large proportion of patients, augmentation of antidepressant therapy with a second antidepressant, atypical antipsychotics, lithium salts, or other agents has been suggested as a solution when traditional therapy fails. 5, 6 Evidence is accumulating showing that combination therapy in treatment of MDD may produce higher remission rates and lower relapse rates than traditional monotherapy, 6 either as an initial treatment plan or as a strategy for nonresponse to initial treatment. 7 However, many of the commonly used augmentation strategies are associated with an increase in cost burden as well as higher rates of adverse events, both of which may lead to poor adherence to treatment.
The use of antipsychotics to augment antidepressants for the treatment of depression has been reported since the 1960s. 8 Conventional antipsychotics have largely been replaced by second-generation antipsychotics (SGAs), perhaps primarily because the newer drugs are associated with fewer extrapyramidal side effects, such as restlessness and repetitive involuntary muscle movements, and have a lower risk for causing tardive dyskinesia than the older agents. Meta-analyses and both the 2006 and 2011 Agency for Healthcare Research and Quality reviews of the efficacy of SGAs confirmed that at least 4 of the SGAs were efficacious when added to selective serotonin reuptake inhibitors/selective norepinephrine reuptake inhibitors (SSRIs/SNRIs) in studies of patients with MDD. [9] [10] [11] Moreover, 3 SGAs (aripiprazole, quetiapine, and olanzapine specifically in combination with fluoxetine) have been approved by the U.S. Food and Drug Administration for this indication. While effective, adjunctive therapy with SGAs has some limitations and disadvantages, including the high cost of many agents and the risks of weight gain and other metabolic complications (e.g., dyslipidemia, hypertriglyceridemia, glucose dysregulation, diabetes mellitus, and hyperprolactinemia), as well as less common risks such as tardive dyskinesia, neuroleptic malignant syndrome, and QTc prolongation. 7, 12, 13 In contrast, folate and related compounds, whose role in depression has been recognized for over 20 years, are not associated with the metabolic complications observed with SGAs. [13] [14] [15] [16] [17] The folate cycle plays a central role in the production of catecholamine neurotransmitters, and increasing the synaptic concentration of these transmitters are believed to be one mechanism of action for many antidepressants. 18 Rather than blocking catecholamine reuptake as with the SSRI/SNRI class of compounds, folate works at the presynaptic level to support catecholamine production. 17 A meta-analysis of 11 studies with more than 15,000 participants found a significant relationship between low folate status and depression (pooled adjusted odds ratio 1.42, 95% confidence interval 1.10-1.83). 19 Folic acid must undergo enzymatic reduction by methyltetrahydrofolate reductase (MTHFR) to become biologically active. 20 The heterozygous polymorphism of MTHFR has been found in 47% M ajor depressive disorder (MDD) is a common, highly recurrent, and potentially fatal illness and has a lifetime prevalence in the United States of approximately 16%. 1 It is estimated that the societal costs of depression, including those resulting from lost earnings, premature death, and treatment costs, translate into a economic burden of more than $83 billion. 2 Patients with MDD have increased rates of morbidity and mortality, functional impairment, reduced quality of life, and increased risk of suicide. 3 Studies have shown that despite a wide range of options for treating MDD, up to 40% of patients fail to respond to treatment, even after fourth-line therapy, based on a validated self-report scale. 4 Patients who do not respond to antidepressants consume a disproportionally larger share of health care resources and have lower work productivity than patients that respond to treat-• The effectiveness of second-generation atypical antipsychotics (SGA) augmentation in depression has been well studied, and several agents now carry approved labeling for such use. There is a neurophysiological rationale for folate augmentation of antidepressant therapy involving both biochemical and genetic factors, and this strategy has been studied for more than 30 years. Recent clinical trial evidence suggests that L-methylfolate, which is FDA-labeled as a prescription medical food and is available as a pharmacy benefit in some health plans, may be effective as an adjunctive therapy for treatment-resistant depression.
• Despite evidence of effectiveness, little is known about antidepressant adherence rates or costs in patient populations utilizing SGA or L-methylfolate augmentation therapy.
What is already known about this subject (continued)
• Patients who augmented selective serotonin reuptake inhibitor/ selective norepinephrine reuptake inhibitor therapy with SGA or L-methylfolate achieved antidepressant medication management (AMM) acute phase and continuation phase adherence scores of 69%-79% and 50%-62%, respectively, using a modified National Committee for Quality Assurance's Healthcare Effectiveness Data and Information Set (mHEDIS) AMM score. The modified scores represent AMM HEDIS measures scored following augmentation rather than being scored upon antidepressant initiation. These modified scores exceeded the 2012 national median benchmarks for unmodified HEDIS AMM measures for commercial health plans.
• Adherence scores following L-methylfolate augmentation were significantly higher than those for SGAs.
• Patients receiving augmentation of antidepressant therapy with L-methylfolate demonstrated lower health care utilization, lower all-cause costs, and lower depression-related costs than patients augmenting with SGA for depression.
of the normal population and the homozygous polymorphism in 11% of the population. These polymorphisms are known to cause a reduction in MTHFR activity of 34% and 71%, respectively. 19, 21, 22 Folate deficiency can also be caused by drugs (such as anticonvulsants, antibiotics, and oral contraceptives), malabsorption syndromes, chronic diseases, and alcohol use. 23 Depression is often associated with weight fluctuation, including anorexia and weight loss, which suggests that low folate levels could be both a cause and a consequence of depression. 24 Low folate blood levels have been associated with poorer or slower response to fluoxetine for MDD, 25,26 and higher folate levels have been associated with better response to antidepressants. 27 Folate has been studied as an adjunctive treatment with fluoxetine, with significantly greater improvement in those receiving folate especially among female patients. 28 L-methylfolate is the primary biologically active isomer of folate, does not require MTHFR for biological activity, and is the form of folate that is transported across the blood-brain barrier. The 2010 American Psychiatric Association guidelines state, "Considering the modest evidence that supports folate as an augmentation strategy and its attractive risk-benefit profile, folate can be recommended as a reasonable adjunctive strategy for major depressive disorder that carries little risk." 7 From a regulatory perspective, L-methylfolate is classified as a medical food that differs from dietary supplements in that medical foods are prescribed and are intended for dietary management of a disease or condition for which nutritional requirements are established. The compound is only available as a prescription product in the United States and is indicated for the distinct nutritional requirements of individuals who have suboptimal L-methylfolate levels in the cerebrospinal fluid, plasma, and/or red blood cells and have MDD, with particular emphasis as adjunctive support for individuals who are on an antidepressant. 29 While some U.S. payers do not include medical foods as a covered benefit, those that do cover them as a pharmacy benefit in a manner similar to other prescription products. Several studies have demonstrated greater efficacy of SSRI/SNRI therapy in MDD when combined with L-methylfolate, providing a more rapid improvement in symptoms and higher remission rates. 15, 16, 30 A recent doubleblind, placebo-controlled trial using a sequential parallel group design demonstrated the clinical effectiveness of L-methylfolate in patients with SSRI-resistant depression, with a significant difference in both response rate and degree of improvement in the L-methylfolate group compared with placebo. 31 Another important factor that moderates the effectiveness of treatments for MDD is the likelihood of adherence to therapy. The importance of medication adherence is mentioned often in the American Psychiatric Association guidelines, 7 and the National Committee for Quality Assurance (NCQA) Healthcare Effectiveness Data and Information Set (HEDIS) Antidepressant Medication Management (AMM) measures utilize adherence to antidepressant therapy as a key measure. 32 There is evidence that health care resources and costs are lower in patients who maintain continuous therapy with antidepressants compared with those who discontinue early, 33, 34 although not all studies are in agreement, as an administrative claims study found that costs were higher in NCQA guideline-adherent patients in the 6 months following initiation of therapy. 35 There is very little published information regarding the impact of augmentation therapy on adherence to antidepressant medication or the impact augmentation may have on health care resource utilization. With the increased interest in adjuncts to SSRI/ SNRI therapy in MDD, in particular with increasing SGA use and recent clinical trials examining L-methylfolate, we sought to examine the adherence rates, using a modified application of the NCQA HEDIS AMM measures, and 6-month health care resource costs in patients with MDD augmenting SSRI/ SNRI therapy with 1 of these 2 augmentation strategies. We hypothesized that adjunctive therapy with both SGAs and L-methylfolate would result in acute phase and continuation phase adherence rates that exceed the 2012 median HEDIS benchmarks and thresholds. We also hypothesized that we would observe differences in the 6-month health care resource utilization between the 2 augmentation strategies, predicting that the lower ingredient cost during the study period, as well as the lower side effect burden of L-methylfolate (in contrast to SGAs), would result in lower overall utilization of health care resources.
This study describes the demographic, clinical, and treatment characteristics of patients with depression who first initiated therapy with an SSRI/SNRI and subsequently were prescribed adjunctive therapy with either an SGA or L-methylfolate. Since our dataset does not include validated indices of symptomatic outcome, our primary interest was in assessing antidepressant adherence outcomes using a modified application of the NCQA AMM measures, and the secondary objective was to assess resource utilization and costs across the 2 populations.
■■ Methods
This retrospective cohort study utilized the Truven Health Analytics MarketScan Commercial Claims and Encounter and the Medicare Supplemental databases, which capture patientlevel demographic and clinical characteristics, medical and pharmacy utilization, and expenditures across a large U.S. population. The study data extract period was January 1, 2006, to December 31, 2010. The intake patient identification period was January 1, 2007, to December 31, 2009, thereby allowing 12-month pre-and post-index periods to capture pre-existing comorbidities, outcomes of interest, and exclusionary criteria.
Patients were included in the study if they had a pharmacy claim for an SSRI or SNRI, as well as at least 1 medical claim indicating a clinical visit coded for depression (International
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Classification of Diseases, Ninth Revision, Clinical Modification
[ICD-9-CM] codes 296.2x, 296.3x, 300.4, 309.1, 311) in either the primary or secondary position within the intake period. The patients' first SSRI/SNRI claim during the identification intake period served as their study index date. Due to the observed differences in dispensed days' supply for the various study agents (SGAs are commonly dispensed in a 30-day supply and L-methylfolate in a 100-day supply), to serve as a washout period, patients with 1 or more prescription claims for an antidepressant of any type or for an SGA in the 90 days prior to the index date, or with 1 or more prescription claims for L-methylfolate in the 6 months preceding the index date, were excluded from the analysis. Additional exclusions were pregnancy 12 months pre-or post-index; lack of continu- 
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Augmentation with an SGA or L-methylfolate was defined as at least 1 prescription claim for either agent, the first claim occurring within 12 months following the index date and within 1.25x the days' supply period of an SSRI/SNRI claim (either index date claim or a subsequent claim), supporting that adjunctive therapy overlapped with SSRI/SNRI therapy, while allowing for an adherence rate for the SSRI/SNRI of between 80%-100%. The date of the first claim for the SSRI/SNRI agent used in combination with an SGA or L-methylfolate is the augmentation date.
Propensity score (PS) matching was utilized for selection of the final SGA and L-methylfolate cohorts. A 3:1 (SGA:Lmethylfolate) PS model was adopted using a greedy matching algorithm and nearest neighbor approach. 36, 37 Propensity scores were assigned utilizing covariates of age, gender, and comorbidities (Table 1) where the characteristics had a difference between the L-methylfolate and SGA groups of P ≤ 0.20. Comorbidities were selected from those commonly observed in populations with depression. 38 Additional variables forced into the PS model included specific SSRI/SNRI types and the index SSRI/SNRI dose (as defined by prespecified dose cut points, see Appendix [available in online article]). A flowchart of the population selection process is shown in Figure 1 .
AMM outcome measures were modified from NCQA definitions and included (a) acute phase, the percentage of eligible members who remained on antidepressant medication continuously for 3 months as determined by at least 84 days' supply of antidepressant drugs during the first 114 days following receipt of the index antidepressant, and (b) continuation phase, the percentage of eligible members who remained on antidepressant medication continuously for 6 months as determined by at least 180 days' supply of antidepressants during the first 231 days following receipt of the augmented antidepressant. It is important to note that the HEDIS measure specifications start with the first antidepressant prescription start date, and between the groups were evaluated using chi-square tests, while the differences in continuous measures including time to augmentation, MPR, resource use, and cost were evaluated using t-tests. For cost outcomes, a generalized linear model with log link and gamma distribution was used as a sensitivity analysis to test the cost results.
■■ Results
Of patients receiving SSRI/SNRI therapy, 11,161 received SGA, and 1,351 received L-methylfolate augmentation within 12 months of the index date. The PS match of 3:1 (SGA to L-methylfolate) provided 4,053 SGA and 1,351 L-methylfolateaugmented patients for analysis in the final study cohort. Table  1 presents the pre-and postmatch study group characteristics. PS matching eliminated significant age, gender, and comorbidity differences (with the exception of chronic obstructive pulmonary disease/bronchiectasis) between the cohorts and produced comparison groups that were equivalent with respect to the type and dose of the SSRI/SNRI being augmented ( Table 2) . The most commonly augmented antidepressants among the SGA and L-methylfolate groups, respectively, were the following: duloxetine (23%-24%), escitalopram (23%), and venlafaxine (15%-14%). In the SGA-augmented group, 37.1% of the patients exceeded the high-cut point for SSRI/SNRI therapy, while 34.5% of the L-methylfolate-augmented group exceeded the high-cut point for SSRI/SNRI therapy ( Table 2 ). An equivalent percentage of patients in both groups switched to a different antidepressant from the index date to augmentation, and there were equivalent percentages in both groups that either for purposes of this study, the HEDIS measures were applied to the antidepressant augmentation date, since the outcome of interest was adherence associated with treatment augmentation. Thus, we refer to these measures as a modified application of the HEDIS AMM measures, or mHEDIS. Medication possession ratio (MPR) was calculated as the sum of patients' days' supply/183 days following the SSRI/SNRI augmentation date to provide a continuous measure of adherence for the 6-month period postaugmentation date. 39 MPR was capped at 100%, and days' supply that extended past the 183-day measurement window was truncated.
All-cause and depression-related utilization and costs were assessed for the 6-month period following the augmentation date. Costs included plan paid amount without member cost share and were adjusted to 2010 dollars using the medical Consumer Price Index. Total utilization and cost estimates included all medical and prescription claims without regard to diagnosis or drug type, while depression-related utilization and costs included only those medical claims with a primary or secondary diagnosis of depression and pharmacy claims for SSRI/SNRI antidepressants, SGAs, and L-methylfolate. Costs were further categorized as inpatient, emergency department, outpatient, or prescription components based on the source of the claim (medical or pharmacy).
Comparisons between the PS-matched SGA and L-methylfolate cohorts were made using descriptive statistics. 
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Cost and utilization data are presented in Table 4 . Allcause 6-month utilization count, including mean inpatient, emergency department, and outpatient visits, were higher in the SGA-augmented cohort compared with those augmented with L-methylfolate. All-cause 6-month mean prescription count was higher in the L-methylfolate cohort compared with the SGA-augmented cohort. Depression-related utilization followed the same pattern, with the exception that 6-month depression-related prescription utilization was equivalent between the 2 groups. Mean all-cause 6-month cost in the SGA-augmented group was approximately $1,100 higher than the L-methylfolate group ($8,499 vs. $7,372, P = 0.005). The cost difference was reflected in higher 6-month mean costs for inpatient, emergency department, and outpatient visits, as well as prescription costs. Depression-related costs followed the same patterns, with 6-month depression-related costs in the SGA-augmented group being approximately $1,000 higher than in the L-methylfolate cohort, reflecting higher costs across all categories ($2,689 vs. $1,613, P < 0.001). Table 4 also reports significant differences in the component costs for outpatient costs and pharmacy costs for both all-cause and depressionrelated costs. Robust statistical differences within the inpatient and emergency department component costs could not be established due to the excess zero response variables within these components. Multivariate adjustment is commonly applied in these types of studies. In this study, a generalized linear model with log link and gamma distribution was constructed to test the cost results. As the study group matching resulted in closely matched populations, very few variables entered the model and had no influence on the results, with the exception of decreasing the P values for some of the cost differences. We therefore report only the more conservative t-test for the cost outcomes.
■■ Discussion
The use of adjunctive antidepressant therapies has grown dramatically over the past decade. The principal objective of this study was to compare the impact on SSRI/SNRI adherence and health care utilization between 2 adjunctive strategies, SGA and L-methylfolate, following the initiation of antidepressant monotherapy. In this large administrative claims database, we found that MDD patients were 8 times more likely to receive adjunctive therapy within 1 year with 1 of the SGAs than they were to receive L-methylfolate. We also observed that a large proportion of patients in both groups were augmented within a short time (< 30 days) of initiating antidepressant therapy, suggesting that in practice, clinicians are augmenting therapy before establishing the effectiveness of antidepressant monotherapy, as is recommended in practice guidelines such as those published by the American Psychiatric Association. Thus, results from this study indicate that using combination therapy as an initial or early strategy in the treatment of depression increased or decreased the dose of SSRI/SNRI from index date to augmentation (Table 2) .
Small differences (5% or less in absolute terms) were observed in the utilization of other drug therapy in the preaugmentation period when comparing the SGA and L-methylfolate cohorts, including (SGA, L-methylfolate, respectively): bupropion (10.0% vs. 13.6%, P = 0.0003); stimulants (8.3% vs. 13.3%, P < 0.0001); thyroid supplementation (9.7% vs. 13.3%, P = 0.0002); estrogen and oral contraceptives (15.1% vs. 18.4%, P = 0.0033); nonsteroidal anti-inflammatory drugs, including COX-2 (16.0% vs. 20.4%, P = 0.0004); opioids (26.8% vs. 32.8%, P < 0.0001); and beta blockers (7.8% vs. 10.4%, P = 0.0046).
The most common adjunctive SGAs and their mean daily doses were as follows: quetiapine 39.1% (109. There was a significant difference between the time to augmentation for SGA compared with L-methylfolate (P < 0.001), indicating that L-methylfolate was typically used later in a treatment episode than SGAs.
Evaluation of the mHEDIS AMM measures following augmentation found that 68.7% of the SGA-augmented cohort and 78.7% of the L-methylfolate cohort met the acute phase measures (P < 0.001). For the mHEDIS continuation phase measures, 50.3% of the SGA-augmented cohort and 62.1% of the L-methylfolate cohort met the measures (P < 0.001). In addition, the mean 6-month antidepressant therapy MPR was significantly higher in the L-methylfolate group compared with the SGA-augmented group (Table 3) . 
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Depression Using Second-Generation Antipsychotics or L-Methylfolate as Adjunctive Therapy may be common in the real-world setting. After equating the groups on relevant demographic and clinical measures using a propensity matching strategy, it was still observed that the patients who were prescribed L-methylfolate were more likely to have received other adjunctive therapies such as thyroid hormone or bupropion. This may explain why L-methylfolate was found to be prescribed later in treatment episodes than the SGAs included in this report. Despite these differences, we found that patients who received adjunctive therapy were above the 2012 median HEDIS benchmarks and thresholds (66% for acute phase and 53% for continuation phase) 40 for adherence to therapy (SGA 69% and 50%, L-methylfolate 79% and 62%, respectively) when measured at the time of augmentation.
With respect to outcomes, the group that received L-methylfolate showed greater adherence to therapy using both the binary mHEDIS AMM as well as the continuous MPR measures when compared with the group that received adjunctive therapy, which was predominately quetiapine, aripiprazole, and risperidone. As the study groups were well matched based on over 20 confounders considered, the causes for adherence differences between the groups is not likely explained by some of the patient-level reasons for nonadherence with medication in patients with depression, such as younger age, substance abuse, cardiovascular morbidity, or use of first-generation agents. 41 The groups were also well matched on type and dose of SSRI/SNRI, so the differences in adherence are likely caused by the difference in augmentation agents, which include the cost of SGAs at the time of the study and the prevalence and type of adverse events. There is a lack of literature regarding the effect of augmentation on SSRI/SNRI adherence, so these are the first results we are aware of that report on this phenomena. We also observed that patients receiving adjunctive L-methylfolate showed lower overall and depression-specific cost of treatment than did the group receiving an adjunctive SGA. The difference in cost of treatment was not simply attributable to the higher overall prescription costs in the SGA group compared with the L-methylfolate group, since the medical cost categories were also found to be higher in the SGA group for all-cause as well as depression-related costs. The adverse effects of SGAs, such as sedation, sexual dysfunction, glucose abnormalities, and weight gain, which are not associated with L-methylfolate, may have contributed to the additional medical utilization in the SGA group. It is noteworthy that the majority of patients who received L-methylfolate utilized 7.5 mg/day, a dose that has not been shown to have significant adjunctive efficacy in randomized controlled trials. Since a recent trial has shown that 15 mg/ day of L-methylfolate for adjunctive therapy of difficult-to-treat MDD is effective, 31 it is possible that the findings of the current analysis underestimate the potential utility of this strategy. For 
Depression Using Second-Generation Antipsychotics or L-Methylfolate as Adjunctive Therapy comparison, the doses of aripiprazole, risperidone, and quetiapine were also used at doses much lower than the usual daily dosage of these compounds for antipsychotic therapy.
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Limitations
Several limitations to this study should be noted. First, due to the observational design of the study, associations can be identified, but causality cannot be established. The PS matching design controls for the measured confounders in the 2 study groups, but unmeasured differences between the groups likely remained. In particular, this study was unable to control for disease severity or duration, since such data are unavailable in the database. The SGA group was augmented significantly earlier in the post-index period, an effect that may point to unmeasured confounders, and may have contributed to the higher pharmacy component costs seen in the SGA-augmented group. There were unexplained comorbidity differences between the study groups before matching, with the SGA group generally showing a higher level of comorbidities, which may indicate a treatment selection bias between SGA and L-methylfolate. This may in turn suggest these results may be limited to populations that are similar to the postmatched groups, which following PS matching was quite similar in measured comorbidities. As is true of all retrospective studies where cohort identification is based on the use of ICD-9-CM diagnostic coding, we have to consider the possibility that there was inaccuracy in the coding, but we have no reason to believe there was any systematic bias in diagnostic coding between the study groups. The generalizability of these results is limited to a commercially insured population and may not be applicable to other populations such as the Medicaid or traditional fee-for-service Medicare populations. We also note that many of the SGAs in this study were available only as branded products during the study period, and while the differences in pharmacy costs between the SGA and L-methylfolate groups may be mitigated as generic versions of SGAs replace the branded versions, the differences in side effects and metabolic effects between SGAs and L-methylfolate will remain. The individual antipsychotic agents may have resulted in different outcomes for each agent, but our study was not designed to examine individual agents, which may be of interest for future study. Finally, the use of specialty psychiatric care was not taken into account, since no information was available as to whether any patient was enrolled in a health plan with a psychiatric carve-out.
■■ Conclusions
In this study, patients receiving augmentation of antidepressant therapy with L-methylfolate compared with SGA for depression demonstrated lower health care utilization, lower all-cause costs, and lower depression-related costs. Further, patient populations using augmentation therapy with L-methylfolate had significantly higher mHEDIS scores than the SGA group in both acute and continuing phase AMM measures. While further study of the effect of augmentation therapy in MDD is warranted, a benefit design that includes L-methylfolate should be considered among the options available as augmentation therapy to SSRI/SNRI treatment in depression, given the neurochemical basis for activity, recent trials demonstrating clinical effectiveness, and the relatively low cost and adverse event profile. 
